Abstract: Based on the detailed analysis of the power collection system of offshore wind farm, establishing a mathematical model to evaluate its economy and reliability, and proposing a topology optimization mode of the power collection system of offshore wind farm based on improving single parent' genetic algorithms. Example analysis shows that the proposed model can consider the optimization of economy and reliability in overall rapidly and at the same time get the topology optimization results. Compared with the traditional genetic algorithm, the rate of convergence is faster and better optimization results. which can provide the design of large-scale photovoltaic power station of power collection system topology with the reference.
Introduction
In recent years, offshore wind power become a national research and development of hot spots because of its high energy density, wind speed stability, and environmentally friendly as in [1] . China's 13 th renewable energy development plan proposed to actively and steadily promote the development of offshore wind power, by 2020, offshore wind power started construction of 10 million kilowatts to ensure the completion of 5 million kilowatts as in [2] .Offshore wind power has become China's renewable energy development an important part.
The offshore wind farm power collection system is a key link in the collection and transmission of offshore wind power, and its total construction cost accounts for 15% to 30% of the construction cost of the whole offshore wind farm as in [3] . A lot of research works have been done by scholars. Because the optimization of offshore wind farm power collection system is a multi-objective problem of high dimension, nonlinearity and high time complexity, heuristic algorithm such as genetic evolution is widely used as in literature [4] [5] [6] . Literature [7] [8] Based on the standard genetic algorithm from the fan type, voltage level, cable selection, constitute the string and other aspects of the offshore wind power system for optimal design, and get several sets of wind farm electrical system overall optimization program; The various algorithms of the graph theory are also applied to the network topology optimization of offshore wind power convergence systems as in [9] [10] . In the literature [9] , the minimum spanning tree is used to form the network topology and the reliability of the design scheme is evaluated by the Monte Carlo method. This step-by-step optimization algorithm can significantly reduce the dimension of the problem, but the default optimization goal of the above method is cable Use the minimum length of the investment cost instead of the cable.
An improved multi-objective algorithm for single parent genetic algorithm is proposed to minimize the investment cost as an optimization target. FCM algorithm as in [10] is used to partition the topological nodes of the internal collector system, and the optimization of TSP as in [11] [12] Solve the idea, complete the offshore wind farm power collection system topology solution.
Mathematical Model
The key factors of the investment cost of offshore wind farm power collection system include the number and location of offshore wind turbines, the number and location of offshore boost substations, and the type and length of network topology connection and collection. The optimization model proposed in this section is to optimize the topological structure of the offshore wind farm power collection system to obtain the optimal investment cost and reliability, namely:
(1) Where: t C is the investment cost; R for the reliability index.
The total investment can be expressed as t C .
C is the basic investment for offshore wind farms, including the various wind turbine components, installation costs, civil construction costs and other fixed cost. C C is the cost of investment for submarine cables. S C is the cost of investment for offshore boost platforms. Since the number of wind turbines that can be connected to the converging wires depends on the maximum transmission capacity of the wire, the wire of the wind turbine at different converters can be used to select the wires of different cross sections as shown in the figure. So the optimization problem can be described as: is the type of wire current of the rated value; X for the boost platform and wind turbine set of abstract points.
Improved Single Parent Genetic Algorithm
The cost factors of offshore wind farm collection system are many factors, and they are closely related to each other. These factors are discrete variables and nonlinear, so the topology optimization problem is very complicated under the optimal cost. This paper presents an improved co-evolutionary single-parent GA algorithm, which is based on the optimal solution of Traveling Salesman Problem (TSP), which shows that the optimization efficiency is higher than that of the traditional GA algorithm.
Determine the Coding and Fitness Functions. It is necessary to first sequence the wind turbine, and each gene of the chromosome corresponds to the serial number of the wind turbine and can reflect the network connection between the wind turbines, and it is not necessary to carry out the coding and decoding operation in the whole process. To collect the system investment costs as a fitness function to measure the merits of the individual. tatal C fitness = (6) Population Grouping Genetic Manipulation. The group of wind turbines of a certain scale is divided into N groups. In each group, the optimal preservation strategy is adopted. When the optimal preservation strategy is adopted, the algorithm is guaranteed to be globally convergent. Genetic recombination, gene shuffling and gene inversion were used to generate new individuals at the corresponding probability, and the new individuals were combined to complete the population update. If the optimal individual in the population has converged to the optimal solution or reaches the evolutionary algebra, the algorithm ends.
Improved Single Parent Genetic Evolutionary Algorithm Steps
(1) Initialize the population; (2) Calculate the individual fitness value; (3) Grouping the population, applying the optimal preservation strategy to select the parent individual; (4) Gene recombination of gene transposition, gene shuffling and gene inversion were generated by the parents of the parents in each group; (5) Combined the new individuals in each group to form a new generation of population; (6) Determine the termination conditions, output the best solution, or turn (2).
Reliability Evaluation of Power Collection System
The reliability evaluation of the power collection system is mainly to ensure that the power aggregation system topology is best in economy while ensuring high reliability. On the other hand, the power collection system is capable of uninterrupted power supply to a certain extent Can guarantee the economic efficiency of offshore wind farms, which is also an important factor in the recovery of investment costs. In this paper, the structure of the collection system is properly simplified, mainly considering the wind turbine, pooled cable and switch equipment failure, the entire collection system to send power, assuming other electrical equipment completely reliable. The probability of occurrence of wind turbine is G λ ,and the collection cable is a series system, which consists of a cable and two sides of the switch, including the proximal load switch, the collection cable, the remote load switch. The equivalent outage probability of the pooled cable element is expressed as:
Where, i λ is the ith component failure rate.
The equivalent capacity of the pooling system is used as the reliability evaluation index to measure the actual output of the aggregation system, and the average output at the pooling point is investigated.
Where, n is the simulation time, where is the integer, in hours, and P(t) is the average available capacity at time t in the number of simulations. The calculation of reliability calculation of the mathematical process include: 1) respectively set the wind turbine unit and the collection cable failure rate, based on the Monte Carlo algorithm randomly generated fault sequence. 2) Determine the status of the system components and topology of connectivity to determine. 3) Calculate the reliability index.
Case Studies
Taking a large offshore wind farm as an example, the wind farm is expected to have a capacity of 100MW. The capacity of each wind turbine is 1MW. It is planned that every 10 wind turbines will be upgraded to 35 kV after collecting the collected lines, 50 MVA main transformer step up to 110 kV after access to the grid. Based on the FCM model of wind turbine cluster, the whole wind farm is divided into 10 regions and 10 wind turbines in each region.
According to the formula (1), the economic and reliability evaluation of the weight coefficient As can be seen from the above table, according to the optimal structure, four strings of topology connection scheme can achieve the best economic and reliability. So you can choose four strings of programs. The topological connection of the whole offshore wind farm can be obtained by selecting the different weighting coefficients economizing and reliability calculation of each area of the offshore wind farm. The 35-kilovolt collection point in each area is optimized by the method proposed in this paper to obtain the topological connection scheme of the convergence point and finally to the 110 kV terminal substation into the grid. The convergence curves of the objective function values using the conventional single parent genetic algorithm and the improved single parent genetic algorithm are shown in Fig 3. It can be seen from the convergence curve that the algorithm proposed in this paper is more efficient than the conventional single parent genetic algorithm, and the convergence effect is better. 
Conclusions
Considering the investment cost of each part of the offshore wind farm and the reliability of the components of the system, the optimization model of the offshore wind farm collection system is constructed. By assigning the weight of the economy and reliability, different structural optimization goals could be got. An improved one-parent genetic algorithm is proposed to solve the optimal model of the offshore wind farm collection system. Compared with the traditional genetic algorithm, it can obtain higher optimization efficiency and better convergence effect, so as to provide a large offshore wind farm the optimization design of the power collection system provides a useful reference. 
